Cross-sectional studies have shown that lifestyle factors are associated with the occurrence of clinically diagnosed depression and depressive symptoms in older persons. Such associations have been described for
physical exercise, [8] [9] [10] sleep disturbance and sleep duration, 11, 12 alcohol consumption, 13, 14 body mass index (BMI), 15, 16 and smoking. 15, 17 However, lifestyle factors have only rarely been studied in longitudinal studies, in relation to the course or prognosis of depression.
A study on the impact of lifestyle factors on the course of depression and anxiety disorders in adults aged 18 to 65 found that low physical activity predicted the persistence of both depression and anxiety, 18 and a longitudinal study in Koreans aged 65 and older found that above-moderate physical activity (more than 30 minutes of physical activity per day)
reduced the risk of persistent late-life depression. 8 Alcohol dependence
was also found to be a risk factor for an unfavorable course of depression in adults aged 18 to 65. 19 A retrospective cohort study on obesity and major depression in adults aged 20 through 59 found that obesity was associated with a more chronic course of depression. 20 Nicotine-dependent smokers aged 18 to 65 years recovered more slowly from depressive symptoms than never-smokers, former smokers, and nondependent smokers. 21 Both long and short sleep duration increases the risk of persistence of depressive symptoms in adults 18 to 65 years. 22 In this study, we aimed to investigate whether lifestyle indicators including physical exercise, sleep duration, alcohol use, BMI, smoking status, and a composite lifestyle index predicted the course of depression in older adults. Based on previous research, we expected an unhealthy lifestyle to be associated with a more unfavorable course of depression, and with still meeting diagnostic criteria for a depressive disorder 2 years later.
| METHODS

| Participants and procedure
The Netherlands Study of Depression in Older Persons (NESDO) is a prospective cohort study. A total of 378 clinically depressed and 132 non-depressed older adults (aged 60 years and older) were examined over the course of 2 years. Participants with a depressive disorder were recruited from general practitioners and 5 regional mental health care centers in the Netherlands. 23 Exclusion criteria were having another serious psychiatric disorder, suspected dementia according to the clinician, a
Mini Mental State Examination (MMSE)-score 24 of <18 (out of 30) and inadequate understanding of the Dutch language. The recruitment and the assessment procedures of the NESDO study have been described in more detail elsewhere. 23 Baseline assessment included physical assessments, written questionnaires, and an interview. Written questionnaires were administered every 6 months throughout the 2 years of the study and face-to-face assessment took place 2 years after baseline. 3 The study protocol of NESDO is in accordance with the Declaration of Helsinki and has been approved centrally by the Ethical Review Board of the VU University Medical Center and subsequently by the local ethical review boards of the participating centers. Written informed consent was obtained from all participants at the start of the baseline assessment.
Ninety-three depressed participants did not participate in the 2-year follow-up (28% deceased, 16% refusal, 13% unable due to physical reasons, 38% unable due to mental reasons, 5% no contact) 3 ;
another 2 had missing data on their course of depression. Thus, 95
participants were excluded from the current study. This resulted in 283 participants included in our study sample.
| MATERIALS
| Depression
Major depressive disorder, minor depressive disorder, and dysthymia within the last 6 months were diagnosed at baseline and at 2-year fol- 25, 27 Severity and the course of depression were measured using a selfreport questionnaire: the Inventory of Depressive Symptoms (IDS).
28
The IDS is a 30-item self-report questionnaire that was designed to carefully assess all core diagnostic depressive symptoms. 29 The IDS has acceptable psychometric properties in depressed outpatients 28 as well as in depressed inpatients. 30 The IDS score ranges between 0 and 84, with a higher score indicating more severe depressive symptoms. The cutoff score for remission is 14. 29 The different types of depression courses were derived from Comijs et al. (2015) 3 and include 3 course types:
• Remitted depression, where in at least the last 2 observations IDS ≤14;
• Intermittent depression, where at least in 1 of the observations IDS ≤ 14;
• Chronic depression, where all IDS scores were between 14 and 84.
| Lifestyle indicators
| Physical exercise
Physical exercise was measured using the Dutch short version of the International Physical Activity Questionnaire (IPAQ). 31 The IPAQ is a self-report questionnaire used to assess physical activity levels and consists of 27 items. 10, 32, 33 
Key points
• Depression is often a chronic disorder in older persons
• Lifestyle factors do not seem to influence the course of depression in older adults.
| Sleep duration
Sleep duration was measured using the question: "How many hours a night on average did you sleep during the past 4 weeks?". In order to investigate the effect of long or short versus "normal" sleep, we divided sleep duration into long (9 hours or more), normal (7 and 8 hours), and short (6 hours or less).
| Alcohol use
Alcohol use and the risk of alcohol use disorders were measured using the Alcohol Use Disorders Identification Test (AUDIT). 34 The AUDIT questionnaire consists of 10 items and ranges from 0 to 40. The AUDIT has proven to be a good instrument to assess at-risk drinking in community dwelling adults aged 65 to 74 years using a cut-off score of 5 (sensitivity: .86; specificity: .87). 35 Participants were categorized as non-drinkers (AUDIT score = 0), moderate drinkers (AUDIT scores 1-5), and at-risk drinkers (AUDIT score ≥ 6). Even though no alcohol use has been associated with poorer health outcomes in older adults, in terms of health behavior, we consider not drinking healthier than drinking.
| Body mass index
Body mass index (BMI) was measured using anthropometry. Participants were categorized in 3 categories based on Bahat et al. 
| Smoking
Smoking status was measured by interview. Participants were categorized into never smokers, past smokers, and current smokers.
| Composite lifestyle index
To calculate the overall composite lifestyle index, we assigned a score of 3 to the "healthiest" behavior for each variable, a score of 2 for "moderately healthy" behavior, and a score of 1 for the unhealthiest behavior. Because for sleep and BMI the associations with health outcomes such as depression are generally U-shaped, we assigned 3 points to the "normal sleep" and "normal weight" categories, and 2 and 1 points, respectively, for smaller and larger deviations of the "normal" categories. Table 1 shows the points assigned to each category of the lifestyle factors. All scores were summed up, resulting in a total composite lifestyle index (range 5 to 15). The highest possible composite lifestyle index score was obtained by participants with a high activity level, having 7 to 8 hours of sleep, never drinking, having a BMI between 20 and 24.9, and never having smoked.
| Confounders
The confounders were chosen based on their known association with depression and lifestyle factors. 7 The first was level of education and was measured using standard questions. Participants were categorized into basic, intermediate, or high level of education. The second was functional limitations measured using the World Health Organization -Disability Assessment Schedule (WHO-DAS). 37 The WHO-DAS is a 36-item questionnaire that examines difficulties in cognition, mobility, self-care, getting along, life activities, and participation. Because this study concerns old-age participants, the work-related items were omitted. This resulted in a total of 32 items and a range of 0 to 128.
The third confounder was antidepressant drug use and was done by registration of medication participants used and a question about frequency of use. The fourth confounder was the number of chronic diseases which was measured using interview questions and was thus based on self-report. Participants were asked if they had COPD, a heart disease, cancer, and several other chronic diseases. The final confounder was cognitive status, measured with the MMSE. 24 The
MMSE is an 11-item questionnaire that examines the cognitive status of patients and has a range of 0 to 30; participants with an MMSE score of <18 were excluded from the study (see exclusion criteria).
| Statistical analyses
Statistical analyses were done using the software program IBM SPSS Notes. The higher the composite lifestyle score, the healthier the behavior. For the analysis of the individual determinants, the "healthiest" 4 | RESULTS Table 2 shows the characteristics of the total study population. Of the 283 depressed older adults, mean age was 70.3 (standard deviation, SD, ± 7.2; range 60-90). At 2-year follow-up, most participants showed a chronic course of depression (61.1%), whereas 20.1% had intermittent depression, and 18.7% were in remission. Of the total study population 44.2% still met diagnostic criteria for a depressive disorder at the 2-year follow-up, 3 of whom belonged to the "remitted depression" category according to the IDS criteria. Of the "chronic depression" group, 56 participants no longer met the criteria for a DSM-IV depressive disorder at 2-year follow-up. Those in remission were, on average, 3.5 years younger than the intermittent depression group. Furthermore, the chronic depression group had significantly more often a double diagnosis (major depression and dysthymia) at baseline compared with the remitted and intermittent depression groups. Participants in the chronic depression group reported more severe depressive symptoms and more functional limitations than the other 2 groups at baseline. In addition, those in the chronic depression group, on average, reported more chronic (somatic) diseases than those in the remitted depression group.
| Participant characteristics
Physical exercise, alcohol use, and smoking status showed no differences between the 3 course groups. The chronic depression group reported short sleep duration (6 hours or less) significantly more often than the remitted and intermittent depression groups. Participants in the chronic depression group were more often overweight than participants in the remitted and intermittent depression groups.
Post-hoc pairwise comparisons showed that the chronic depression group on average scored 0.7 points lower on the composite lifestyle index than the remitted depression group. 
| The course of depression, lifestyle indicators, and the composite lifestyle score
A multinomial regression analysis of the effect of the individual lifestyle factors on the course of depression showed that participants in the intermittent depression and chronic depression groups were older than participants in the remitted depression group (Table 3) .
Participants in the chronic depression group had more severe depres- Table 4 shows the results of a binary logistic regression analysis on the effect of the lifestyle indicators on having a diagnosis of a depressive disorder at 2-year follow-up (N = 256; of 27 persons no diagnosis at follow-up was available). Participants who had more severe depression at baseline and who did not use antidepressant medication were more likely to still have a depression diagnosis at follow-up, whereas none of the lifestyle factors appeared to be a predictor of this outcome.
| Binary logistic regression and remission
Again, the composite lifestyle index score was not significantly associated with still having a depression diagnosis at follow-up (OR = 0.84, 95% CI = 0.69-1.02, P = .07).
| DISCUSSION
In this longitudinal study of 283 depressed older adults, 61.1% of the patients showed a chronic course of depression during 2-year follow-up, and 44.2% of the participants still had a diagnosis of depression 2 years later. None of the investigated lifestyle indicators predicted the course of depression at 2-year follow-up.
The finding that BMI did not predict the course of depression in older adults does not seem to be consistent with literature showing that being underweight, overweight, or obese increased the risk of having clinically relevant depressive symptoms at follow-up in older adults. [38] [39] [40] However, it is possible that risk factors for developing depressive symptoms are different from risk factors for persistence of depressive symptoms. In addition, this discrepancy may be explained by the extensive adjustment for multiple confounders in our study.
Contrary to our hypothesis, physical exercise, sleep duration, alcohol use, and smoking status were not associated with the course of depression either. The discrepancy between our results and those of the study in Korean elderly, in which a protective effect of abovemoderate physical activity was reported, 8 may be due to the use of the IPAQ to measure physical activity in our study, because the IPAQ was found to significantly underestimate time spent in sitting and overestimate time spent on walking and vigorous activities in older adults. 41 If overestimation of physical exercise occurred in our study and if it was also associated with depression severity, this non-random misclassification could have resulted in not finding an association between physical exercise and depression course. Also, physical exercise "in the past week" may not be an accurate representation of physical exercise over a longer period.
Also sleep duration may have been misclassified, depending on depression severity, because depressive symptoms are associated with reporting shorter subjective sleep duration than sleep duration measured with actigraphy in older adults. 42 With regard to alcohol consumption, we categorized our participants into non-drinkers, moderate drinkers, and at-risk drinkers; these categories did not predict the course of depression, even though a previous cross-sectional study in the same population showed that moderate drinkers had fewer depressive symptoms than abstainers or at-risk drinkers. 13 In future studies, it would be worthwhile to investigate whether stopping or reducing alcohol use causes a change in the course of depression.
We found that smoking status did not predict the course of depression, which is not in line with previous research in younger adults that showed that dependent smokers recovered more slowly from depression and anxiety, even after adjustment for covariates. 21 It is possible that the age difference between the 2 study populations plays a role in this discrepancy. Lastly, the composite lifestyle index was not significantly associated with the course of depression, in contrast to our hypothesis. All lifestyle factors were converted into categorical variables, which may have resulted in a lack of statistical power. Somewhat similar studies 43, 44 also assigned scores to each lifestyle category, and they did find an effect of the composite lifestyle score.
| Strengths and limitations
The main strength of our study is the longitudinal design of the NESDO-study, which allowed assessment of the course of depression over a 2-year period. In addition, the study sample was recruited from different mental health care settings. Therefore, our sample can be considered representative for the depressed older adult population.
The inclusion of many known potential confounders is also a strength.
Our study does have some limitations that need to be discussed.
Firstly, this study uses mostly self-report measures, which may have resulted in socially desirable answers, 45 and in the previously mentioned potential misclassification of sleep duration 42 and physical exercise. 41 Secondly, even though the study design was longitudinal, causal inferences cannot be made, because that would require more than 2 assessments of both depression and of lifestyle factors.
| CONCLUSIONS
This study showed that none of the investigated lifestyle variables was associated with a chronic course of late-life depression after adjustment for confounders.
